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specifically activates PAR-2 (7, 21, 39, 44) , and activation of PAR-2 induces release of proinflammatory neuropeptides, such as calcitonin gene-related peptide and substance P, from afferent neurons (52) . A recent study demonstrated that activation of PAR-2 induced colonic inflammation in mice (8) . PAR-2 has been shown to be present in bladders of various species (16, 17, 39) , and inflammation increased expression of PAR-2 in rat bladders (17) .
Several studies have shown that PAR-2 functionally interacts with cyclooxygenase-2 (COX-2) (13, 26) . PAR-2-mediated relaxation of mouse tracheal was prevented by treatment by selective COX-2 inhibitors (26) . Trypsin induces itching in mice by activating PAR-2, and this effect was selectively inhibited by the COX-2 inhibitor celecoxib (13) . COX-2 is a key enzyme in conversion of arachidonic acid to proinflammatory prostanoids, such as prostaglandin E 2 (PGE 2 ) (38), and PGE 2 plays an important role in hyperreactivity and pain associated with bladder inflammation (35) .
Chemical cystitis induced by intraperitoneal injection of cyclophosphamide (CYP) in rodents is one of the most commonly used experimental models of bladder inflammation (4, 14) . CYP treatment of rats increases expression of PAR-2 (17) and COX-2, as well as production of PGE 2 , in the bladder (23) . CYP-induced COX-2 expression in bladder appears to occur primarily in the urothelium (11, 28) . In the present study, we examined the functional interactions among mast cells, PAR-2, and increased COX-2 expression in the bladders of mice treated with CYP. We also used primary cultures of human urothelial cells to investigate cellular mechanisms underlying activation of PAR-2 resulting in increased COX-2 expression.
MATERIALS AND METHODS
Animals. C57BL/6J male mice were used at 3-6 mo of age. Experiments were conducted in accordance with National Institutes of Health guidelines, and all protocols were reviewed and approved by the Animal Care and Use Committee of the University of Wisconsin.
Induction of cystitis. CYP (150 mg/kg) was injected intraperitoneally (ip), and this dose of CYP induced cystitis of moderate severity (61) . Control mice received an equivalent volume of sterile saline (0.9%, ip) instead of CYP. At the termination of experiments, mice were deeply anesthetized with pentobarbital sodium (50 mg/kg ip) and perfused through a cannula inserted into the left ventricle with 0.9% saline. Bladders were removed, and urothelium/suburothelium was mechanically separated from detrusor using fine forceps as described previously (28) . Tissues were stored at Ϫ80°C until analyzed.
Treatment with sodium cromolyn. Sodium cromolyn stabilizes mast cell granules, thereby preventing release of chemical mediators from mast cells (53) . Mice were treated with sodium cromolyn (10 mg/kg ip, given at 9:00 AM) for 4 consecutive days (13, 42, 48) . Two hours after the last injection of sodium cromolyn, mice were treated with CYP or saline as described previously.
Culture of freshly isolated urothelium/suburothelium. Normal, untreated mice were deeply anesthetized with pentobarbital sodium (50 mg/kg ip), and bladders were removed and cut into two halves longitudinally. The urothelium/suburothelium was mechanically separated from detrusor using fine forceps as described previously (28) . The urothelium/suburothelium preparations were incubated in phenol red-free Ham's F12 medium (Invitrogen, Carlsbad, CA) supplemented with 2% fetal bovine serum at 37°C in a CO 2 incubator. One half of urothelium/suburothelium from each bladder was used as control (vehicle treated), and the another half was treated with the selective PAR-2 agonist 2-furoyl-LIGRLO-amide (37) . Before treatment, the medium was changed every 30 min for 2 h. Preparations were then treated with either vehicle (phosphate-buffered saline, PBS) or 2-furoyl-LIGRLO-amide (3 M) for 3 h. Tissues were rinsed briefly in PBS and stored at Ϫ80°C until analyzed.
Isolation of protein from urothelium/suburothelium. Tissues were homogenized with T-PER tissue protein extraction reagent (Thermo Scientific, Rockford, IL) containing protease inhibitors (Roche, Indianapolis, IN). Supernatants were collected by centrifugation at 10,000 g for 15 min at 4°C. Protein concentrations were determined using the BCA protein assay kit (Thermo Scientific). Protein samples were mixed 1:1 with Laemmli sample buffer (Bio-Rad, Hercules, CA), placed in boiling water for 5 min, and stored at Ϫ20°C until analyzed.
Culture of human urothelial cells. Acquisition and use of primary human urothelial cells was reviewed and approved by the University of Wisconsin Institutional Review Board. Primary urothelial cells were derived from a bladder specimen of a patient undergoing cystoplasty in the absence of cancer, active infection, or other bladder disorders (55) . Phenol red-free Ham's F12 medium (Invitrogen) supplemented with 0.1 g/ml hydrocortisone, 5 g/ml transferrin, 10 g/ml insulin, 0.1 mM nonessential amino acid solution containing each amino acid at 0.1 mM, 2.7 mg/ml dextrose, 2.0 mM L-glutamine, 100 U/ml penicillin, 100 g/ml streptomycin, and 2% fetal bovine serum was used. The cells were used between three and six passages (55) . Urothelial cells were treated with the selective PAR-2 agonist 2-furoyl-LIGRLO-amide (3 M) or PBS for various periods of time to investigate the effects of PAR-2 activation on expression of PAR-2 and COX-2. In additional experiments, cells were treated with U0126 (10 M), a specific inhibitor of phosphorylation of extracellular signal-regulated kinase (ERK1/2) of the mitogen-activated protein kinases (MAPK) family to investigate the role of ERK1/2 MAP kinase pathway activation in PAR-2 activation-induced expression of COX-2.
For mRNA analysis, cells were plated in 12-well plates (ϳ50,000 cells/well). After treatment, medium was removed and cells were washed with PBS. Total RNA was extracted with Trizol reagent (Invitrogen) and treated with DNase I (Invitrogen) to remove genomic DNA. First-strand cDNA was generated using a cDNA synthesis kit according to the manufacturer's instructions (Invitrogen). For immunoblotting, cells were plated in six-well plates (ϳ100,000 cells/well). After treatments, medium was removed and cells were washed with PBS. M-PER mammalian protein extraction reagent (Thermo Scientific) was added, and cell lysates were collected. Supernatant were collected by centrifugation at 10,000 g for 15 min at 4°C. Protein concentrations were determined using the BCA protein assay kit (Thermo Scientific). The protein samples were mixed 1:1 with Laemmli sample buffer (Bio-Rad), placed in boiling water for 5 min, and stored at Ϫ20°C until analyzed.
Immunoblotting analysis. Protein samples (20 g/lane) were resolved on 10% SDS-polyacrylamide gels and transferred to Immobilon-P polyvinylidene difluoride membranes (Fisher Scientific, Itasca, IL). Membranes were blocked in 5% dry fat-free milk in 1ϫ TBST (20 mM Tris ⅐ HCl, 137 mM NaCl, 0.05% Tween 20; pH 7.5). After being rinsed, membranes were incubated at 4°C overnight with the specific primary antibody. Membranes were then washed free of primary antibody and incubated for 1 h with appropriate secondary antibody conjugated to horseradish peroxidase at room temperature. Signals were revealed using a chemiluminescent detection reagent (Amersham, Arlington Heights, IL). Membranes were apposed to X-ray films, and films were developed. Membranes were then stripped and reblotted with a mouse anti-glyceraldehyde-3-phosphate dehydrogenase (GAPDH) antibody as a loading control. Images were scanned and quantified using NIH Image 1.62. The primary antibodies used for immunoblotting were polyclonal rabbit anti-murine COX-2 (1:1,000) and monoclonal anti-human COX-2 (1:2,000) antibodies (Cayman Chemical, Ann Arbor, MI); monoclonal anti-GAPDH (1:5,000) antibody (Abcam, Cambridge, MA); polyclonal goat anti-PAR-2 antibody (1:500, reacts with both human and murine PAR-2); polyclonal rabbit anti-phospho-ERK1/2 (1:1,000), phospho-p38 (1:1,000), and pan-ERK1/2 (1:1,000) antibodies (Cell Signaling, Danvers, MA). The secondary antibodies were goat anti-rabbit IgG, goat anti-mouse IgG, and bovine anti-goat IgG (all conjugated to horseradish peroxidase and used at 1:20,000 dilution) (Santa Cruz, Biotechnology, Santa Cruz, CA).
Semiquantitative analysis of COX-2 mRNA in urothelial cells. Real-time PCR was performed using an ABI 7300 thermocycler (Applied Biosystems, Foster City, CA). Samples were amplified in duplicate using the following thermal cycling conditions: 94°C for 10 min, followed by 45 cycles of amplification at 94°C for 30 s and then 60°C for 1 min to allow denaturing and annealing-extension. Abundance of PCR product was determined semiquantitatively using a standard curve for each gene. Expression of COX-2 was normalized to abundance of mRNA for S26, a constitutively expressed ribosomal protein in the same sample (55) . Primer sequences are COX-2, forward 5Ј-CGATTGTACCCGGACAGGAT-3Ј, reverse 5Ј-AATTC-CGGTGTTGAGCAGTTTT-3Ј; and S26, forward 5Ј-AGTCAGGA-ATCGATCTCGTGAAG-3Ј, reverse 5Ј-CAGCACCCGCAGGTCTA-AAT-3Ј.
Histology and immunohistochemistry. The urothelium/suburothelium preparations from two mice were fixed with 4% paraformaldehyde overnight at 4°C. They were cytoprotected with 30% sucrose in PBS and sectioned at 10 m with a cryostat. For histology, sections were stained with hematoxylin and eosin. For immunohistochemistry, the sections were blocked with 10% normal goat serum for 1 h and then a polyclonal anti-uroplakin antibody (generously provided by Dr. Tung-Tien Sun, New York University School of Medicine; used at 1:1,500, diluted in PBS containing 0.1% BSA, 0.3% Triton-X 100) (63) was applied. Slides were kept in a humid chamber overnight at 4°C, and staining was revealed using secondary goat anti-rabbit IgG conjugated with FITC (1:1,000; Sigma, St. Louis, MO). Slides were rinsed and coverslipped with an anti-fading solution (Vector Laboratories, Burlingame, CA).
Human urothelial cells were also stained for keratin to confirm their urothelial origin (6, 50) . Cells were grown in Lab-TeK slide chambers (NUNC, Rochester, NY) for 24 h and were rinsed with PBS and fixed in cold acetone. They were rinsed and blocked with 10% normal goat serum. The monoclonal anti-AE1/AE3 keratin antibody (1:100, diluted in PBS containing 0.1% BSA, 0.3% Triton-X100; Chemicon, Temecula, CA) was applied, and slides were kept in a humid chamber overnight at 4°C. Staining was revealed using secondary goat antimouse IgG conjugated with FITC (1:1,000; Sigma). Slides were rinsed and coverslipped with an anti-fading solution (Vector Laboratories). Slides were examined with a Nikon E600 microscope, and digital images were captured. Negative staining controls were prepared using normal mouse IgG instead of the specific antibody.
Reagents. Sodium cromolyn (dissolved with 0.9% saline) was purchased from Sigma. U0126 (dissolved with DMSO at 10 mM as the stock solution and diluted in PBS to desired concentration) and the selective PAR-2 agonist 2-furoyl-LIGRLO-amide (dissolved in PBS) (37) were obtained from EMD Chemicals (Gibbstown, NJ).
Statistical analysis. Data are arithmetic means Ϯ SE. Data were analyzed using one-way ANOVA followed by Tukey's post hoc multiple comparison test (GraphPad Prism, San Diego, CA). Student's t-tests were also used when only two means were compared. A P value Ͻ0.05 was considered indicative of significant differences.
RESULTS

COX-2 protein abundance was increased in urothelium/ suburothelium after induction of cystitis.
Histological appearance of urothelium/suburothelium revealed that contamination of detrusor was very limited if there was any (Fig. 1A) . Superficial urothelial cells were also stained strongly with a specific uroplakin antibody (Fig. 1B) .
COX-2 protein varies between 70 and 74 kDa on denaturing acrylamide gel, probably related to differences in glycosylated forms (28) . Abundance of COX-2 protein in urothelium/suburothelium from normal control mice was relatively low, and this was consistent with previous reports (11, 28) . As shown in Fig. 1C , the abundance of COX-2 protein in the urothelium/ suburothelium was significantly increased 3 (16-fold), 6 (36-fold), and 24 h (32-fold) after treatment with CYP (150 mg/kg; n ϭ 5, P Ͻ 0.01 vs. control at all time points examined), and increased COX-2 protein appeared to reach a maximum 6 h after CYP treatment.
PAR-2 protein is ϳ65 kDa on denaturing acrylamide gel (36). PAR-2 was present in urothelium/suburothelium from normal, control mice. As shown in Fig. 1D , abundance of PAR-2 protein remained unchanged 3 h (P Ͼ 0.05 vs. control), but was signifi- cantly increased 6 (4-fold, P Ͻ 0.01 vs. control) and 24 h (5-fold, P Ͻ 0.01 vs. control), after CYP treatment. These results demonstrate that bladder inflammation increased abundance of COX-2 and PAR-2 protein in the urothelium/suburothelium.
Treatment with sodium cromolyn inhibited increased COX-2 protein abundance. Mice were treated with sodium cromolyn (10 mg/kg) for 4 days to stabilize mast cells. Since the increase of COX-2 protein abundance reached a maximum 6 h after treatment with CYP, we examined COX-2 protein abundance 3 and 6 h after CYP treatment. As shown in Fig. 2, A and B, treatment with sodium cromolyn inhibited increased COX-2 abundance by 83 (n ϭ 5, P Ͻ 0.01 vs. CYP-treated group) and 35% (n ϭ 5, P Ͻ 0.05 vs. CYP-treated group) 3 and 6 h after CYP treatment, respectively. These results indicate that mast cells are involved in increased COX-2 protein abundance in response to CYP-induced bladder inflammation.
Treatment with PAR-2 agonist increased COX-2 protein abundance in isolated urothelium/suburothelium. Freshly isolated mouse urothelium/suburothelium was treated with the PAR-2 agonist 2-furoyl-LIGRLO-amide (3 M) for 3 h. The relative COX-2 protein abundance was 0.1 Ϯ 0.02 in the control group and 0.72 Ϯ 0.19 in the PAR-2 agonist-treated group. 2-Furoyl-LIGRLO-amide significantly increased COX-2 protein abundance (7-fold; n ϭ 6, P Յ 0.01). These data indicate that PAR-2 is involved in induction of COX-2 protein. Fig. 3A , urothelial cells were stained positively with the antibody against AE1/AE3 keratin, indicating that these cells retain their epithelial characteristics in culture (6, 50) . The use of normal mouse IgG instead of primary keratin antibody abolished specific staining (Fig. 3B) . PAR-2 was present in urothelial cells (Fig. 3C) , and PAR-2 protein abundance was unaffected by treatment with the selective PAR-2 agonist 2-furoyl-LIGRLO-amide (3 M) for 6 h (n ϭ 4, P Ͼ 0.05) (Fig. 3C) .
Activation of PAR-2 increased COX-2 expression, and this effect was mediated by the ERK1/2 kinase pathway in cultured primary human urothelial cells. As shown in
2-Furoyl-LIGRLO-amide (3 M) significantly increased COX-2 mRNA expression after 30 min and 1 and 2 h of treatment (n ϭ 6, P Ͻ 0.01 vs. control; Fig. 4A ). Three and six hours after treatment with 2-furoyl-LIGRLO-amide, COX-2 mRNA expression was not different from that observed in controls (n ϭ 6, P Ͼ 0.05 vs. control) (Fig. 4A) .
2-Furoyl-LIGRLO-amide (3 M) also induced phosphorylation of ERK1/2 in a time-dependent manner (5-60 min), and this effect was abolished by pretreatment with U0126 (10 M), an inhibitor of ERK1/2 phosphorylation, applied 15 min before 2-furoyl-LIGRLO-amide (Fig. 4B) . Treatment with U0126 (10 M) before exposure to 2-furoyl-LIGRLO-amide (3 M) abolished increased COX-2 mRNA expression 30 min after treatment with 2-furoyl-LIGRLO-amide (n ϭ 6, P Ͻ 0.01 vs. PAR-2 agonist-treated group) (Fig. 4C) .
Similarly, treatment with 2-furoyl-LIGRLO-amide (3 M) for 6 h increased COX-2 protein abundance by 61% (n ϭ 6, P Ͻ 0.01 vs. control) (Fig. 4D) . U0126 also inhibited PAR-2 agonist-induced increased COX-2 protein by 70% (n ϭ 6, P Ͻ 0.05 vs. PAR-2 agonist-treated group) (Fig. 4D) . These results indicate that activation of PAR-2 increased COX-2 mRNA expression and protein abundance, and this effect of PAR-2 activation was mediated by the ERK1/2 MAP kinase pathway. Treatment of cells with the PAR-2 agonist failed to induce phosphorylation of p38 MAP kinase (data not shown), and p38 MAP kinase therefore does not appear to play a role in this process.
DISCUSSION
In the present study, we found that 1) treatment of mice with CYP increased COX-2 protein abundance in bladder urothelium/suburothelium; 2) mast cells were involved in inflammation-induced increase of COX-2 protein abundance; and 3) activation of PAR-2 increased COX-2 protein abundance in mouse urothelium/suburothelium. 4) Similarly, activation of PAR-2 increased COX-2 expression in cultured primary human urothelial cells; and 5) the effect of PAR-2 activation on COX-2 expression in cultured urothelial cells was mediated by the ERK1/2 MAP kinase pathway.
Although urothelium has historically been viewed as a simple barrier separating the bladder wall from urine, increasing evidence also suggests that the urothelium plays a critical role in physiological and pathophysiological processes in the bladder (2, 59) . It has been demonstrated that urothelial cells have the capacity to secrete a variety of signaling molecules such as PGE 2 , nerve growth factor, nitric oxide, and cytokines (59) . These cells also express many signaling molecules similar to those in sensory afferent neurons, including purinergic receptors, vanilloid channels, and tyrosine kinase receptors (2, 59) . Afferent nerve fibers within the bladder wall are located in close proximity to urothelial cells, suggesting that urothelial cells could be a target of neurotransmitters released from afferent nerves. Conversely, chemical mediators derived from urothelial cells could significantly influence the function of afferent nerve fibers (2, 59) . Thus interaction between urothelial cells and afferent nerves may play a crucial role in the physiology and pathology of normal and pathological bladder function.
CYP is an antineoplastic alkylating agent commonly used to treat cancer patients, and an undesirable side effect of CYP is hemorrhagic cystitis (4, 14, 29, 61) . CYP is metabolized by the liver to acrolein, and accumulated acrolein in urine causes cystitis (4, 14) . CYP-induced cystitis has been used by many investigators to study mechanisms underlying bladder inflammation and associated visceral pain (4, 23, 29, 58, 61) . COX-2 is an inducible enzyme that is upregulated during inflammation (11, 23, 38, 62) ; several studies have reported increased expression of COX-2 in rat bladders after treatment with CYP, and increased COX-2 protein appears to be primarily localized in the urothelium (11, 28) . Furthermore, increased COX-2 protein in the bladder is accompanied by enhanced production of prostaglandins, particularly PGE 2 (23) , and PGE 2 has been shown to cause bladder hyperreactivity by sensitizing afferent nerves (24, 36) . In fact, increased bladder contractions induced by CYP, surgery, or lipopolysaccharide were reversed by a selective COX-2 inhibitor in rats (23, 30) . These studies clearly demonstrated that COX-2 expression and subsequent increased PGE 2 release play a role in altered bladder functions in response to inflammation. Our study provides further evidence that treatment of mice with CYP increases COX-2 protein abundance in the urothelium/suburothelium, and a CYP-induced increase of COX-2 protein abundance is at least partly mediated by mast cells. Mast cells are multifunctional immune cells that develop from a specific bone marrow progenitor and migrate into tissue perivascular spaces (25) . Previous studies have shown an increase in mast cell numbers and activation in bladders of PBS/IC patients (56) . Interestingly, mast cells isolated from bladders of PBS/IC patients are more responsive to various stimuli and release increased amounts of histamine (20) . Histamine and tryptase levels are increased in the urine of PBS/IC patients (49) . Together, these studies suggest that mast cells play an important role in the pathogenesis of PBS/IC (32, 33, 57) . Mast cells contain granule-stored, presynthesized proinflammatory molecules and rapidly secrete mediators upon allergen exposure (22, 25) . Mast cells are generally activated by specific antigens through cross-linking of IgE and highaffinity surface receptors (22, 25) . However, mast cells also can be activated by nonimmunologic stimuli such as bacteria, chemicals, kinins, and neuropeptides (49) . Mast cells have been observed in mouse bladder submucosa and detrusor with the use of toluidine blue staining (10, 15, 31) , and they are involved in mouse bladder inflammation induced by various stimuli (3, 47) . In the present study, we found that treatment with sodium cromolyn (which stabilizes mast cells) before exposure to CYP achieved greater inhibition of increased COX-2 protein at 3 h than at 6 h after induction of cystitis, suggesting that mast cell-derived mediators, such as tryptase, play a particularly important role in the acute phase of bladder inflammation. Conceivably, inflammatory mediators derived from infiltrating leukocytes and/or other cellular components also may contribute to enhanced COX-2 expression as inflammation persists.
Among the four PAR subtypes identified to date, PAR-2 is highly expressed in afferent neurons, making PAR-2 a promising therapeutic target for treatment of inflammatory disorders and pain (12, 52, 54) . Whereas other PARs are primarily activated by thrombin, PAR-2 is specifically activated by mast cell tryptase (51). Nakahara et al. (40) reported that tryptase and selective PAR-2 agonist induced contractions of isolated rat bladder strips, and the contractions were prevented by removal of the urothelium. Furthermore, the contractions were inhibited by indomethacin, a nonselective COX inhibitor (40) . In another study by the same group, activation of PAR-2-induced detrusor contractions and release of PGE 2 from urothelium were enhanced in rats treated with CYP (41). These results strongly suggest that 1) activation of PAR-2 increases release of prostaglandins from urothelium; 2) released prostaglandins cause detrusor contractions; and 3) PAR-2 mediated contractions are augmented during bladder inflammation. Our observations that PAR-2 was present in the urothelium and that treatment with CYP increased PAR-2 and COX-2 protein abundance are consistent with these findings. We further demonstrated that activation of PAR-2 increased COX-2 protein abundance in urothelium. In addition, activation of PAR-2 increased COX-2 mRNA expression and protein abundance in cultured human urothelial cells. Therefore, our results reveal that there are functional interactions between PAR-2 activation and COX-2 expression.
The MAPK are a group of protein serine/threonine kinases that mediate signal transduction from the cell surface to the nucleus in response to a variety of extracellular stimuli (9) . The MAPK consist of three major families of protein kinases, including p38, ERK and c-Jun NH 2 -terminal kinase (9, 18) , and activity of MAPK depends on their phosphorylation status (9, 18) . Interestingly, treatment of rats with CYP induced phosphorylation of ERK1/2 in bladder (46), suggesting ERK1/2 kinase is involved in regulating bladder function. In human lung-derived A549 epithelial cells, activation of PAR-2 increased expression of COX-2 and enhanced release of PGE 2 (27) , and these effects were inhibited by both selective ERK1/2 and p38 inhibitors (27) . Similarly, PAR-2-mediated relaxation of isolated mouse tracheal was prevented by selective ERK1/2 and p38 inhibitors (26) . These studies suggest that both ERK1/2 and p38 pathways are involved in PAR-2-mediated expression of COX-2. In the present study, a PAR-2 agonist induced phosphorylation of ERK1/2, but not p38, in urothelial cells. Furthermore, increased COX-2 mRNA expression and protein abundance following PAR-2 activation were prevented by the selective ERK1/2 phosphorylation inhibitor U0126 (26) . Therefore, our results indicate that PAR-2-induced expression of COX-2 is primarily mediated by the ERK1/2 MAP kinase pathway in urothelial cells. These results also suggest that participation of MAP kinase pathways in PAR-2 signaling varies among different tissues or species.
Perspectives and Significance
Our findings demonstrate that COX-2 protein abundance is increased in mouse urothelium/suburothelium after induction of cystitis by CYP treatment and that the increase of COX-2 protein abundance is at least partially mediated by mast cells. We further demonstrate that activation of PAR-2 increases expression of COX-2 in primary cultures of human urothelial cells and mouse urothelium/suburothelium. Furthermore, the effects of PAR-2 activation in urothelial cells appear to be mediated primarily by the ERK1/2 MAP kinase pathway. These data indicate that there are functional interactions among mast cells, PAR-2 activation, and increased expression of COX-2. The results of the current study also raise intriguing questions about the convergent role of PAR-2 and COX-2 in bladder inflammatory diseases and suggest that both PAR-2 and COX-2 are likely therapeutic targets for the treatments of patients with PBS/IC. It should be noted that bladder inflammation is a complicated process and that other inflammatory mediators, such as cytokinins, neuropeptides and neurotrophic factors, also may contribute to regulating COX-2 expression, and this must be the focus of future studies.
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